About 95% of India's population resides in malaria-endemic areas and, according to government sources, 80% of malaria reported in the country is confined to populations residing in tribal, hilly, difficult and inaccessible areas. Using a nationally representative sample, this study has estimated the economic burden of malaria in India by applying the cost-of-illness approach, using the information on cost of treatment, days lost and earnings foregone, from the National Sample Survey data. A sensitivity analysis was carried out, by presenting two alternative scenarios of deaths. The results indicate that the total economic burden from malaria in India could be around US$ 1940 million. The major burden comes from lost earnings (75%), while 24% comes from treatment costs. Since mortality is low, this is not a major source of economic burden of malaria. An analysis of the trend and patterns in public expenditure by the National Vector Borne Disease Control Programme shows a declining focus of the central government on vector-borne diseases. Also, allocation of financial resources among states does not reflect the burden of malaria, the major vector-borne disease in the country.
IntroductIon
In India, vector-borne diseases such as malaria, dengue, chikungunya, Japanese encephalitis (JE), kala-azar and lymphatic filariasis have considerable impact, in terms of morbidity and mortality. The epidemiology of these vectorborne diseases varies considerably, on account of ecology, vector bionomics, and economic, sociocultural and behavioural factors. 1 Residents of rural and tribal areas as well as urban slums are most at risk from such diseases, which impact mostly the poor and vulnerable sections of the population. Vectorborne diseases contribute to widespread disease, disability and deaths in India, especially among the poor, who have limited access to timely and effective treatment. Children and pregnant women have low immunity to vector-borne diseases like malaria, and are especially vulnerable, leading to maternal deaths, stillbirths, and low birth weight in infants.
The major burden of vector-borne disease in India comes from malaria; according to the Directorate of the National Vector Borne Disease Control Programme (NVBDCP), about 95% of the population in the country resides in malaria-endemic areas. While severe a decade ago, there has been a declining trend in the overall endemicity of malaria in the country, with a reported number of cases in 2012 of around 1.06 million (provisional). 1 Despite the significant presence of vector-borne diseases in India, there is a paucity of studies on the economic burden on households and likely cost of these illnesses, using nationally representative data. While there continue to be debates and discussions around the prevalence, incidence and deaths from malaria, the last health round (60th round) of the National Sample Survey 2 of India (NSS) -which is a nationally representative survey -is yet to be utilized to understand the treatment burden of malaria and the profile of those affected. The NSS has the potential to independently validate the various estimates of malaria burden. While limitations exist, they exist for other surveillance data as well, and such a nationally representative sample should be used for a better understanding of the malaria situation in the country. This paper, therefore, uses unit-level data from the NSS 60th round on health, to analyse the direct and indirect costs of malaria; specifically, the data are analysed to understand the distribution of the burden of malaria across sex, residence (rural/urban areas), education and consumption categories. Subsequently, the analysis focuses on direct and indirect costs of treatment for outpatients and hospitalizations. The NSS 60th round is useful in this context because, in addition to costs of treatment, it also seeks responses on missed days of work and earnings foregone. Alternative estimates of deaths are used to calculate the burden from loss of earnings and years of productive lives. While the survey pertains to 2004, the estimates are used in conjunction with more recent estimates of malaria cases in India, to assess the economic burden of the disease on the country. The paper also highlights certain key issues on the patterns in public financing of the NVBDCP in general.
Malaria in India
The case-load of malaria in India has reduced and reported deaths are declining, indicating declining endemicity. However, the epidemiology of malaria remains complex, owing to the geographical and ecological diversity. In the mid-1970s, malaria re-emerged in India, with 6.4 million new cases in 1976, 3 indicating the need for constant vigilance and prevention. According to the NVBDCP, 1 of the reported 1.06 million cases in 2012, 50.01% are due to P. falciparum. Also, about 95% of the country's population resides in malariaendemic areas, and 80% of malaria reported in the country is confined to regions that have more than 20% of their population residing in tribal, hilly, difficult and inaccessible areas. The most affected states are: Andhra Pradesh, Chhatisgarh, Gujarat, Jharkhand, Karnataka, Madhya Pradesh, Maharashtra, Odisha, Rajasthan and West Bengal.
It is possible that the actual number of malaria cases is higher because a large number of infected individuals might be seeking treatment from private health providers, who do not report to NVBDCP. 4 Non-reporting of mortality causes a serious problem with data on the medical cause of certification of death, compounded by the lack of medical certification of deaths as well as issues with the attribution of specific cause of death. 3 Other analyses point out that it is indeed a challenge to estimate the true case burden of malaria in India. 5 A more recent article indicates that global malaria mortality may be much higher than previously estimated, especially among adults. 6 For India, a widely quoted study in The Lancet estimated that 205 000 deaths per year could be attributed directly to malaria, with lower and upper limits of 125 000 and 277 000, respectively. 7 These figures differed significantly from the 2008 World Health Organization (WHO) World malaria report, 8 which reported 15 000 deaths per year due to malaria, and also from the numbers reported by the NVBDCP. Research also confirms that the majority of deaths from malaria were not in any formal health-care facility, and therefore, would not be counted in any reporting system. 9 Finally, the analysis contended that cases due to Plasmodium falciparum might represent only a fraction of the total malaria disease burden in India.
Clearly, surveillance is a key area that needs further policy focus to refine estimates of cases and deaths because the economic burden of malaria is entirely driven by the case-load and mortality.
Economic impact of malaria: global evidence
A number of studies have looked at the economic impact of malaria globally. Some have estimated the impact of malaria on economic growth and there is some evidence for a belief that regions that have been able to reduce malaria have subsequently registered higher economic growth. 10 However, numerous studies have focused on the economic burden on households; for example, an early study from Malawi showed that households with a very low income bore a disproportionate share of the economic burden of malaria, with 32% of their annual household income being lost as a result of the direct and indirect costs of malaria, compared to only 4.2% for households in the low-to high-income categories.
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Another study from Sri Lanka indicated that, although the overall economic impact was limited, cases of malaria occurred seasonally and were concentrated in an important agricultural season. This season saw the bulk of the economic impact in terms of loss in working days and loss in school days, in addition to the usual direct costs. 12 A study from Nigeria compared the financial and economic costs of malaria with other illness episodes for households in five malaria holoendemic rural communities. The findings showed that the costs of treatment for malaria accounted for almost half of expenditure on curative care costs incurred by the households. 13 However, despite a significant burden of malaria in India, few studies have looked at the economic impact of malaria on households, though there are some that have looked at chikungunya 14 and lymphatic filariasis. 15 One paper examined the effects of a large-scale eradication programme that drastically reduced malaria over a short period of time. The findings indicate that malaria eradication resulted in improvements in income for males. 16 While the consensus from such studies is that malaria imposes significant burden on households, there is as yet no study that has used a nationally representative database to assess the total economic burden of illness and deaths from malaria in India.
MEtHodS
The study used NSS data for the last available health round on India, which pertains to 2004. The NSS data contain information on the direct costs of treatment for both outpatient and hospitalization episodes in rural and urban areas respectively. The survey also asks about the kind of illness suffered by the respondent. While self-reported morbidities may not be accurate generally, anyone who stated malaria as his/her illness has certainly had a diagnosis. Thus, it is safe to assume that the malaria numbers from the NSS are indeed malaria, though the number could be higher due to lower treatment-seeking behaviour in general. 17 In the absence of more recent data, current available estimates of cases and deaths are used for analysis and discussion of economic burden. For the total number of deaths, data from WHO and the more recent Lancet study were used for the lower and upper range of possible deaths from malaria. The direct and indirect costs for both inpatients and outpatients were calculated from NSS data. Wherever required, the weights given in the NSS data were used to estimate nationally representative numbers. A cost-of-illness approach was used to calculate the economic burden of malaria, using the information on cost of treatment, days lost and earnings foregone, and the present value of number of years of life lost due to malaria. Since the NSS pertains to 2004, the gross domestic product (GDP) deflator was used to arrive at expenditure figures for 2012, with the assumption that relative treatment costs remain the same.
Since one component of the cost of illness is productive work days lost, the analysis was restricted to adults only.
The stepwise methodology to calculate costs of illness from malaria for adults is given next.
1. Total economic burden from malaria has three components: treatment costs due to illness, productivity loss due to foregone earnings emanating from lost days of work, and the economic value of lost earnings due to death.
2. Two inputs are important in these calculations: the total number of cases of malaria and total number of deaths due to malaria. WHO estimates that in India about 11% of the population is malaria free, 67% reside in low-transmission areas (0-1 case per 1000 population), and the remaining 22% live in high-transmission areas (greater than 1 case per 1000 population). In all therefore, 89% of the population is affected. Since the WHO estimates are ranges, (prevalence of 0-1 and greater than 1), these were assumed to be 0.5 and 1 per 1000 or 0.05% and 0.1% in low-and hightransmission areas respectively.
3. For deaths, two alternative estimates are used: WHO estimate of 15 000 per year, 18 and the upper range of deaths from the Lancet study (277 000). This is done to get a range within which the true economic burden might lie. Thus, two alternative estimates of economic costs are arrived at, with two different assumptions regarding total deaths from malaria, while the number of cases remains the same.
4. It is also assumed, based on the Lancet study, that 60% of the total deaths are of adults (age 15 years and above). 7 This number is independently validated from the NSS study, which shows that slightly more than 60% of malaria cases occurred among adults.
5. Treatment costs are calculated using the costs of outpatient treatment and hospitalization from NSS 60th round. These costs are re-estimated for 2012 by using a suitable deflator.
6. The total burden due to treatment costs is calculated by using the unit costs of treatment, in conjunction with estimated cases.
7. From NSS, the average earnings foregone are used to arrive at the potential loss of earnings, in conjunction with the total days lost due to illness and death 8. Assuming 45 years as the average age of death due to malaria among adults, and an average age of retirement as 60 years, the potential number of life-years lost can be calculated, and, using a discount rate of 5%, the present value of earnings foregone can be estimated.
rESuLtS

Profile of malaria-affected individuals
The data indicate that in 2004 there were a total of 2.4 million cases of malaria (see Table 1 ). This is somewhat higher than the NVBDCP's reported 1.92 million cases for 2004, and more consistent with other views discussed above about the true burden of malaria in the country. Other statistics indicate that slightly more males are affected than females. The majority of malaria cases are in rural areas (78%) and about 75% of the cases occur among individuals who are illiterate or have less education. The distribution across consumption quartiles is somewhat more, even though the lowest quartile has 10% more cases than the other three quartiles. Overall, of all ailments reported, malaria comprised 2.5% and 1.9% of the cases in rural and urban areas respectively. While slightly higher for the EAG states, the case-load between these two groups seems similar for rural India. In fact, for urban India, the cases are significantly higher for the non-EAG states. Overall, 47.5% of the total cases occurred in the EAG states. The EAG states comprise about 45% of India's population, and to that extent, the distribution seems logical. However, if the fact that these are the socioeconomically weaker states and contribute mostly to the adverse Millennium Development Goal (MDG) outcomes is taken into account, such a distribution of case burden becomes a cause for concern.
treatment costs and loss of work days and earnings due to malaria Table 3 presents the average expenditure on malaria for outpatient treatment and hospitalization, work days lost, and loss of earnings, by residence and consumption quartiles.
Overall, an average of 175 rupees was spent for each outpatient treatment and 75 rupees on each hospitalization for malaria in 2004. The disease required more outpatient expenditure generally, though hospitalization expenses in urban India were relatively much higher than in rural India. While the average work days lost was similar across residence, loss of earnings was higher in urban areas. There also seems to be a positive correlation between economic status and cost of treatment, with higher quintiles spending more on malaria treatment. Table 4 presents estimates of the economic burden of malaria from treatment costs, the value of earnings foregone because of work days lost, and the current value of lives lost.
Economic burden of malaria in India
The costs of illness for outpatient treatment, hospitalization and other costs are based on the estimates given in Table 3 , and calculated for 2012 by applying the appropriate GDP deflator. The relative costs have, therefore, been assumed to be the same with respect to each other. The average total cost of treatment was 475 rupees in 2012. Earnings loss per day were 213 rupees and the total work days lost is assumed to the same (10 days), derived from the NSS study.
The results indicate that the total economic burden from malaria in India could be around US$ 1940 million and varying the death rate does not make much difference. That is because the major burden comes from lost earnings (75%), while the remaining 24 % comes from treatment costs. Mortality and value of lives foregone is not a major source of economic burden of malaria. The results do not change much when varying the total number of deaths. However, if the prevalence figures were varied, the estimates would change dramatically, though this exercise is not attempted here, owing to the lack of data that might indicate the true prevalence and incidence of malaria in the country. Clearly, if the prevalence was assumed to be double, the loss of earnings would be a substantial part of the total economic burden. Overall, while malaria may not lead to many deaths, it imposes a great burden via illness and missed days of work, which in turn has implications for households' welfare, and ultimately would also play out at the macro level by impacting national productivity and income.
Public financing of vector-borne disease control in India
High economic burden warrants significant spending on prevention, control and treatment; this section attempts to understand the level and patterns of public spending on the malaria programme.
Public expenditure on malaria prevention and control forms a part of the NVBDCP of the Government of India. The NVBDCP is an umbrella programme for prevention and control of vector-borne diseases, and is, in turn, a part of the National Disease Control Programme (NDCP), which has another five components dealing with leprosy, tuberculosis, blindness, drug de-addiction and iodine deficiency. Currently, the NVBDCP has a 43% share of expenditure under the NDCP and malaria accounts for more than half of the central government expenditure on vector-borne diseases. 19 Actual expenditure has trailed budgetary outlay for the entire period and reached a peak When this trend is juxtaposed with the significant burden of malaria analysed in the previous section, it emerges as a cause for concern. In fact, plan expenditure on the NDCP as a share of the total plan expenditure of the MOHFW has also registered a decline from 9% in 2002-2003 to 5% in 2011-2012. This is indicative of the general decline in health spending of the government, which affects all public health programmes.
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Although health is constitutionally a state subject, the central government provides technical, commodity (drugs, insecticides and larvicides) and financial assistance to the states and UTs. Table 5 ), it is observed that the aggregate approved outlay has grown by 27% between the two plan periods, but actual expenditure has grown by only 13%.
Further, the rate of absorption -measured by the proportion of outlay actually spent -has declined by more than 25 percentage points between the two plan periods. This is important because a major chunk of the plan expenditure is in the form of direct transfer of central plan assistance to state/district-level autonomous bodies/implementing agencies. Such a low rate of utilization could be indicative of weak absorptive capacities, as well as administrative issues. Whatever the reasons, lower absorption leads to efficiency loss, and needs proper analysis. States that receive the highest share of central allocation for NVBDCP are Odisha, Assam, Jharkhand, Bihar and Chattisgarh. If this is combined with the states' share of malaria cases, some interesting observations can be made. For more than half of these states, the share of allocation falls short of the share in malaria cases in the country. Especially significant are the cases of Chattisgarh, Gujarat, Jharkhand, Maharashtra and Odisha, which are also known to be the states with relatively greater burden of malaria. This analysis raises the possibility of reallocation of central resources and aligning these with disease burden across states.
Comparing with the estimated economic burden calculated from the cost-of-illness approach, in 2012, about 5410 million rupees or US$ 86 million was spent on the entire vector-borne disease programme of the country. While a major part of this will be on malaria, the amount remains much lower than the potential economic burden imposed by the disease, which is around US$ 1940 million for only adults. There are significant costs involved for treatment, as well as other social costs of morbidity and deaths of children that have not been included in the analysis.
Overall, the expenditure analysis indicates that there is a need to step up spending on malaria, which is very low compared to the potential burden it is imposing in the country, and possibly declining as a percentage of total health spending in the country. Also, the distribution across states does not seem commensurate with the disease burden, indicating the possibility of improving resource allocation for spending to be more effective.
concLuSIonS And dIScuSSIon
While a proper surveillance system would remain a key to assessment of the economic impact of malaria and require global cooperation and consensus regarding the methodology of estimation, 25 the analyses in this study, including the estimates of cost of illness and deaths, yield useful insights into the magnitude of the problem, and enable comparison with current disease-control expenditures. The current surveillance is clearly inadequate, since it mostly captures data from the public sector. Also, the economic burden of malaria may be much higher, especially since a significant percentage of the population does not seek care. Under these circumstances, these figures for economic burden should be treated as being on the lower side; the true impact may be much higher, being driven by cases of morbidity resulting in loss of productive days, and treatment costs, rather than mortality. In particular, the loss of work days is quite high for malaria and is likely to impose a high economic impact at the household level as well. The profile of those affected clearly indicates that such work-day losses are going to be felt more severely by the most vulnerable.
Funding will remain the most important policy concern for the control, prevention and treatment of malaria. While domestic funding for malaria is augmented by international funding from sources like the GFATM and the World Bank, analysts have data on malaria cases from NVBDCP website. 24 pointed out that global funding has not been adequate so far and it is unlikely that MDG goals to halve the disease burden by 2015 will be achieved without significant increases in funding. 26 The gap in funding need remains a critical global concern and it could be almost four times the funds currently available. The Roll Back Malaria Partnership has developed The Global Malaria Action Plan, which can be viewed as a document around which other partners can coordinate their efforts. For resource mobilization, a two-pronged strategy visualized by GMAP includes setting up resource-mobilization processes at country level, by developing a fully fledged country-level financing plan, and coordination with international agencies such as the World Bank and other partners. 27 .
Furthermore, even at the domestic level, actual expenditure has fallen far short of approved outlay for vector-borne diseases. Priority accorded to vector-borne disease seems to have declined over the years, as evidenced by the declining share of this component in the plan expenditure of the MOHFW. There also seem to be horizontal imbalances in the distribution of these funds across states, with states with higher prevalence of malaria not necessarily receiving higher funding from the central government
In addition to scaling up effective interventions, strengthening health systems remain a cornerstone of a successful strategy of malaria control. Interventions can be effective only if there is an effective system of, for example, supply chain, human resources and monitoring and evaluation. Strengthening health systems, as well as scaling up interventions, would require funding. While international funding has been a major part of India's funding for malaria, the country has to find additional resources from its domestic sources for a sustainable programme of control and elimination of malaria.
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